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Fully relativistic all-electron self-consistent field calculations based on the Dirac-Coulomb 
Hamiltonian have been performed on the three lowest lying states of the PtH molecule. The 
resulting four-component Dirac-Hartree-Fock (DHF) molecular spinors are subsequently used 
in relativistic configuration interaction (CI) calculations on the five lower states of PtH. 
Spectroscopic properties are obtained by fitting the potential curve to a Morse function and 
show good agreement with experimental data. The effect of relativistic correctibns to the 
Coulomb electron-electron interaction is investigated at the DHF level and is found to be 
insignificant for the molecular spectroscopic properties investigated by us. The CI wave 
functions are found to have only one dominant configuration, indicating a lack of static 
correlation. Dynamic correlation in the d shell is, however, important for the spectroscopic 
properties of PtH. The results conform with a: bonding scheme in which the three lower and two 
upper states of PtH are assigned sdj/2s4/2a1/2 and Sd~/2S~/2a1/2 electronic configurations, 
respectively. The configurations are only approximate and are perturbed by Sd participation in 
bonding. The stability of the Pt-H bond is explained in terms of the relativistic stabilization of 
the 6s orbital in analogy with the electron affinity of the platinum atom. 
I. INTRODUCTION 
The catalytic versatility of platinum makes it one of 
the most widely applied metal catalysts. 1 A number of the 
reactions for which platinum is active involves hydrogen. 
This has motivated extensive research on the nature of the 
platinum-hydrogen bonding. Platinum hydride offers the 
simplest example of the platinum-hydrogen bond and this 
open-shell molecule has therefore been the subject of sev-
eral studies, most of them ab initio calculations.2- 8 
Platinum being a third row transition metal, both cor-
relation and relativistic effects are expected to be of impor-
tance in its chemistry.9 Transition-metal atoms, in general, 
are characterized by the close proximity of nd, (n+ 1)s, 
and (n+ l)p orbitals which gives rise to an abundance of 
low-lying atomic states with strong configurational mixing. 
Proper handling of static correlation is therefore a prereq-
uisite for the correct description of the atomic spectra. 
With an increasing number of d electrons dynamic cJ)rre-
lation becomes more and more significant. At the molecu-
lar level these features give rise to a number of possible 
bonding mechanisms and may lead to complicated molec-
ular spectra. An additional complicating factor for third 
row transition metals in particular is that relativistic effects 
may significantly influence bonding and spectroscopic 
properties. 10 Spin-orbit effects in the platinum atom give a 
splitting of the order of JO 000 cm:- I for the 3 D(Scf6s l ) 
state while the singlet-triplet splitting for this configura-
tion is only 3800 cm -I. The relativistic contraction of the 
6s orbital and the expansion of the Sd shell will influence 
the bonding and change the character of the bonding or-
bitals. 
In the majority of ab initio calculations on PtH rela-
tivistic effects are introduced through the use of relativistic 
effective core potentials (RECP's) (Ref. 11) an approach 
which also yields significant reduction of computational 
effort relative to all-electron calculations. Effective core po-
tentials replace the core electrons under the assumption 
that the core remains frozen during bond formation. 
RECP's may be obtained by fitting the potential to a fully 
relativistic atomic calculation or alternatively a semirela-
tivistic calculation such as the Cowan Griffin method 12 or 
the second-order Douglas-Kroll J"no-pair") approxima-
tion.13 In general, some averaging procedure is employed 
to generate spin-free RECP's. The RECP approach has the 
advantage of staying within the nonrelativistic theoretical 
framework so that most computational methods and com-
puter codes for nonrelativistic calculations may be used 
with little or no modification. Spin-orbit effects may be 
introduced by adding spin-orbit matrix elements to the 
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Hamiltonian matrix of LS-coupled states connected 
through the spin-orbit operator. The disadvantage of the 
RECP method is that the fitting and averaging procedure 
introduces uncertainities and that the quality of the RECP 
may be difficult to assess without performing all-electron 
atomic and molecular calibration calculations at the same 
level of approximation. 
An alternative approach is to solve the relativistic 
Dirac-Hartree-Fock (DHF) equations. 14 This will gener-
ate four-component spinors which provide a natural de-
scription of the relativistic effects. The disadvantage of this 
approach is mainly the large computer resources necessary 
to carry out four-component relativistic calculations. Over 
the past few years, however, a number of DHF molecular 
codes and results15-19 have been reported. Recently Dya1l8 
presented results from DRF calculations on platinum hy-
drides, including PtR. The next step towards a quantita-
tively correct description of heavy atoms like platinum is to 
include electron correlation in the formalism and go be-
yond the mean field approach. The molecular spinor basis 
generated by the DHF method may be used to· generate 
many-electron (determinantal) wave functions with which 
one can expand the configuration interaction (CI) equa-
tions in a completely relativistic framework. 
In this work we present the results of fully relativistic 
CI calculations of the five lowest states of the PtR mole-
cule and compare the result with other methods and with 
experiment. In the following we give a brief introduction to 
the computational methods used by us. We then discuss 
the atomic aspects of calculations on PtH before presenting 
results from molecular DHF and CI calculations. 
II. COMPUTATIONAL METHODS 
We have performed CI calculations using references 
obtained from DRF calculations. Below a short resume of 
the DHF method is given followed by a description of the 
CI method recently developed by one of us (L.V.). Unless 
otherwise stated all calculations have been performed using 
the MOLFDIR program package.20 
A. The DHF method 
The starting point of our calculations is the Dirac-
Coulomb equation 
JlI¥=E'P, 
N 
H= 2: hi + 2: gij' 
i i<j 
where h is the one-electron Dirac Hamiltonian 
[ 
V'[2 
h-
- c(u'p) 
C(U'p) ] 
(V-2c2 ) '[2 
(1) 
(2) 
(3) 
[2 and U are the 2 X 2 identity and Pauli matrices respec-
tively, while the potential V describes the interaction of the 
electrons with the fixed nuclear framework. A detailed de-
scription of this Hamiltonian may be found in standard 
textbooks.21,22 The electron-electron interaction, gij' is 
given by the Coulomb operator 
I 
gij=-'-O 
rij (4) 
and represents in this context the zeroth-order approxima-
tion to the full relativistic electron-electron interaction. A 
first order correction is provided by the Breit operator,23 
which may be split24 into a magnetic part, usually termed 
the Gaunt interaction,25 and a retardation part. 
(ai' Vi) (aj' V)rij 
2 
=g~aunt + ~~tardation 
IJ 5iJ • (5) 
Our computer program allows for the inclusion of the 
Gaunt interaction either in a variational or in a perturba-
tive scheme. 
From the Dirac-Coulomb equation open-shell DHF 
equations can be derived in the same way as the nonrela-
tivistic Hartree-Fock equations.26 By minimizing the (av-
eraged) energy expression of a system with one open shell, 
we get the following set of equations 
FC=h+Qc+Qo+aLo, FO=h+Qc+aQo+aLc, 
(6) 
(7) 
(8) 
Jdj)=(ilgul i ) Ij), KiU)=(ilg12 U) Ii), (9) 
LiU) = (il QOlj) I i) + (iU)Qol i). (10) 
In these equations k and m are used to label c1osed- and 
open-shell molecular four spinors, respectively. The frac-
tional occupation number (I) of the open-shell spinors 
and the coupling coefficients (a and a) are defined by the 
number of open-shell electrons (n) and the number of 
open-shell spinors (m) 
n m(n-l) I-a 
I=m' a n(m-l)'· a=I_I' (11 ) 
The DHF equations are expanded in a Gaussian type 
basis set. This basis set is made up of two subsets describ-
ing the upper (large) components and the lower (small) 
components of the spinors. In order to get a correct rep-
resentation of all operators these bases are chosen to be 
related by the kinetic or atomic balance relation.27 For 
open-shell systems the average of configuration energy is 
minimized after which the energies of individual states can 
be obtained by complete open-shell configuration interac-
tion28 (COSCI)-diagonalization of the CI- matriX of-all 
possible configurations in the open-shell manifold. 
B. The relativistic CI method 
We have developed a relativistic version of the re-
stricted active space configuration interaction29 (RASC!) 
method which can be used to improve the wave functions 
and energy differences found in the DHF (CaSCl) step. 
J. Chern. Phys., Vol. 99, No.9, 1 November 1993 
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In the restricted active space method the active spinor 
space is divided in three groups. The first group (RAS1) 
contains the highest occupied closed-shell spinors of the 
reference determinant(s). The second group (RAS2) con-
tains the open-shell spinors of the reference determi-
nantes). The spinors that were unoccupied in the reference 
determinant(s) are in the third group (RAS3). The CI 
space is now defined by specifying a maximum excitation 
level (nm) from RASI and a maximum excitation level 
(nm) to RAS3. Determinants that fulfill the constraint of 
having nHI> or less, holes in RASI and nm, or less, elec-
trons in RAS3 form the CI space. This definition allows 
most of the conventional types of CI to be done as a special 
case. 
To describe the method it is convenient to write the 
Dirac-Coulomb-(Gaunt) Hamiltonian in second quan-
tized form. Using the generators of the unitary group Eij 
=ataj' the Hamiltonian can be written as 
1 
H= L (ilhlj)Eij+ 2 L (ijlglkl)(EijEkl-Eul3jk)' i,j i,j,k,i 
(12) 
In this equation molecular spinors are labeled by i and j. 
The summation is restricted to the electron solutions, since 
we neglect any (virtual) positron-electron pair creation. 
We expand the many-electron wave functions in the deter-
minantal basis {<I>[} defined earlier. The result is a matrix 
representation of the Hamiltonian which can be expressed 
as a sum of one- and two-electron integrals multiplied by 
coupling constants rff and rfjkb respectively, 
HIJ=Lhijrff+ L Wlkl)rffkl (13) 
i,I i,j,k,i 
with hy=(ilh Ij), (ij I kl) = W Igl kl), rff= (IIEij IJ), 
and rfjkl=! (IIEijEkl-EilOjklJ)·. 
Since the matrix, in general, will be too large to hold in 
memory, we use the direct diagonalization technique of 
Davidson3o to find the desired roots. The main difference 
with nonrelativistic direct CI methods is that the number 
of relativistic integrals is about 24 times as large since each 
molecular orbital corresponds to two molecular spinors. 
Another complication is that the integrals in general will 
be complex since the Hamiltonian contains complex oper-
ators. Thus the number of virtual spinors and the number 
of determinants that can be used is smaller than what is 
presently possible with efficient nonrelativistic CI methods. 
Our direct RAseI code can at present handle expansions 
up to about 200 000 determinants using an active spinor 
space of about 100 spinors. In the present application a 
number of high-lying virtual spinors were deleted to make 
the calculations feasible. 
III. ATOMIC CALCULATIONS 
The classification of some of the observed lines in the 
platinum atomic optical spectrum was done already in 
1927 and a review of the assigned lines can be found in 
Moore's tables.3! The ground state of the platinum atom is 
a J = 3 state designated 3 D 3 • The first two states arise 
mainly from the 5cPe DS/2)6s! configuration and the sev-
enth and eighth states from the 5cP e D3/2) 6s! configura-
tion. The atomic spectrum is complicated because the con-
figurations cPs! and d8? are close in energy and the 
individual states mix strongly with each other due to the 
strong spin-orbit coupling.8 This makes the assignment of 
LS-coupling term symbols rather arbitrary and we shall 
use instead the J value and parity to designate the states. In 
the following we describe the basis set used in the molec-
ular calculations and compare finite basis DHF results 
with corresponding numerical results for an estimate of the 
sensitivity to basis set errors. We then discuss results ob-
tained at different levels of theory and compare them with 
the experimental (spectroscopic) data of the Pt atom. The 
relativistic optimization of single exponents and all the nu-
merical calculations were done using the GRASP atomic 
structure code.32 
A. Basis sets 
The platinum basis was derived from a nonrelativisti-
cally optimized 22s16p13d8f Gaussian basis33 (basis I). 
Due to the relativistic contraction of sand p orbitals a 
relativistic reoptimization of the basis would be expected to 
give a shift towards higher exponents in the basis. We have 
not done this explicitly, but found that inclusion of a rel-
ativistically optimized p function with exponent 7.9E5 gave 
an improvement of 827 mH in the total energy (see also 
Ref. 34) . No tight s exponent was needed, due to our use of 
a finite nucleus model3s (a Gaussian charge distribution 
with exponent 0.12E9). This large (L) component primi-
tive bllsis was subjected to general contraction using the 
coefficients from an atomic DHF calculation and aug-
mented with diffuse correlation and polarization functions. 
Due to the relativistic contraction of p orbitals, the outer p 
exponent in the primitive basis mainly describes the 6p 
orbital- and it was thus sufficient to add only one diffuse 
relatlvIstlcally optimized p function to obtain a double-zeta 
description of this orbital. The basis was furthermore sup-
plemented with one d function and one f function, the 
latter contracted from three primitives.36 The small (S) 
component contracted basis was generated using the 
atomic balance relation.37 For both basis subsets different 
contraction coefficients were used for spinors that differ by 
their j value, but an overlap criterion was used to reduce 
the resulting number of contracted functions. The final 
[8slOp9d3f(L) 16s13pI2dllf4g(S)] basis (basis II) was 
used in the subsequent atomic and molecular calculations. 
The two different basis sets are compared in Table I. 
For hydrogen a primitive 6s1p Gaussian basis was rel-
ativistically contracted to 3s1p. The hydrogen basis set is 
given in Appendix A. The atomic energy is -0.499 952 H, 
differing from the numerical energy by 55 JLH. The size of 
all basis sets is summarized in Table II. 
B. The atomic spectrum 
The first 12 lines in the platinum atomic spectrum arise 
from the 5d86?, 5cP6sl, and 5dlO configurations. In princi-
ple, the excitation energies can be calculated by performing 
a full CI within this configurational space. However, it is 
difficult to find a one-particle basis which describes all con-
J. Chern. Phys., Vol. 99, No.9, 1 November 1993 
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TABLE I. Total and orbital energies (in Hartrees) from numerical and finfte basis DHF calculations on the 
5dj/2(5ds/2,6sl/z )6 configurational average of the platinum atom. 
Numerical DF Basis I 
Total energy -18434.181 187 -18433.181 l7l 
E (ls1/2) -2899.6195 -2899.6450 
E (18\/2) -514.7000 ~514.71l6 
E (2p\/2) -492.3144 -492.0991 
E (2p3/2) -428.6614 -428.6741 
E (3s\/2) -123.3795 -123.3897 
E (3PI/2) -113.3776 -113.3291 
E (3P3/2) -99.1889 -99.2001 
E (3d3/2) -82.7461 -82.7547 
E (3ds/2) -79.7133 -79.7237 
E (4sI /2) -27.8662 -27.8868 
E (4PI/2) -23.5882 -23.5944 
E (4p3/2) -20.1647 -20.1877 
E (4d3/2) -13.1548 -13.1556 
E (4dS/2) -12.5010 -12.4992 
E (4/5/2) -3.4763 -3.4963 
E (4/7/2) -3.3387 -3.3596 
E (5sl/2) -4.4622 -4.4793 
E (SPI/2) -3.0409 -3.0527 
E (5p3/2) -2.4255 -2.4410 
E (5d3/2) -0.4970 -0.4902 
E (5ds/2) -0.4191 -0.4178 
E (6sl/2) -0.3080 -0.3062 
DHF+Breit -18413.910 101 DHF+Gaunt 
figurations in a balanced way. It has been pointed out by 
Hay38 that orbitals of first-row transition metal atoms vary 
appreciably from one valence state to another. This also 
holds true for the platinum atom. Radial expectation val-
ues of the lower J =0, 2, 3, 4 atomic states from numerical 
DHF calculations are presented in Table III. We see that 
they may differ by as much as O.S bohr. As a further com-
plication, the Scfd6? configuration will be biased in an op-
timization of spinors for the total energy average of all 
states arising from the three configurations, since this con-
figuration gives rise to the majority of these states. A nu-
merical calculation based on this spinor set therefore gives 
a J=4 (Sd86?) ground state which is not in agreement 
with experiment. A better choice for one spinor set to de-
scribe all configurations is the relativistic configurational 
average of the sdj12Stfs126sI12' sdj12sdb6st12, and 
sdj12scfs126s712 configurations. This average yields spinors 
that are most suitable for the low-lying states and will 
describe d8? and rfsl states about equally well, but with 
the dlO state somewhat high. 
We have performed both numerical and finite basis 
DHF atomic calculations using the latter relativistic aver-
age. The resulting spinors were used in COSCI calculations 
TABLE II. Basis set sizes. 
Large component 
Basis II 
-18434.007850 
-2899.6270 
-514.7124 
-492.2879 
-428.6756 
-123.3926 
-113.3805 
-99.2024 
-82.7560 
-79.7262 
-27.8774 
-23.5968 
-20.1754 
-13.1642 
-12.5110 
-3.4855 
-3.3475 
-4.4667 
-3.044S 
-2.4292 
-0.4997 
-0.4216 
-0.3084 
-18410.843 679 
. to obtain the energy of individual atomic states. The finite 
basis calculations were performed in Oh double group sym-
metry. The results of the DHF and COSCI calculations are 
presented in Tables I and IV, respectively. The total DHF 
energy obtained with the finite basis is 173 mH above the 
numerical limit while the differences in the COSCI spec-
trum indicate that the basis set is accurate to about 0.02 eV 
in the description of atomic splittings. 
The finite basis results as well as the numerical results 
in Table IV show rather poor agreement with experiment. 
There are a number of possible reasons for these discrep-
ancies. One of these is the neglect of correlation effects 
which are expected to be impqrtant. We therefore per-
formed a somewhat larger CI calculation with the finite 
basis method. The number of high lying virtuals neglected 
in the atomic CI was the same as in the subsequent molec-
ular calculations (70) in order to facilitate the evaluation 
of molecular dissociation energies. We included the Sd3/ 2, 
SdS/ 2, and 6S1/2 spinors in the RAS2 space and 60 virtual 
spinors in the RAS3 space. The CI was then set up to allow 
all. single and double excitations from ten electrons in the 
(Sd3/2,Sds12,6sl12) manifold giving an expansion of889 416 
determinants, which is reduced by symmetry to 111 646. 
Small component 
Primitive Contracted Primitive Contracted 
Pt basis I 
Pt basis II 
H basis 
21816p13d8f 
21818p14dl1/ 
6slp 
8slOp9d3/ 
3s1p 
16s22p1 6d13f8g 
18s22p21d14fllg 
Is6pld 
6s13pl2dllf4g 
Is3pld 
J. Chern. Phys., Vol. 99, No.9, 1 November 1993 
6708 Visscher ef al.: Electronic structure of PtH 
TABLE III. Radial expectancies (bohr) of the lower J=O, 2,3,4 states 
of platinum. Nonrelativistic results have been obtained by scaling the 
speed of light by a factor of 1000. 
Relativistic J=O J=2 J=3 J=4 
5d 1.665 1.608 1.611 1.561 
5d 1.778 1.693 1.703 1.629 
6s 2.469 3.094 3.098 3.004 
Nonrelativistic dlO tfisl as? 
5d 1.694 1.615 1.549 
6s 2.366 3.708 3.546 
The results should have approximately the same precision 
as the molecular results. These CI calculations (Table IV) 
give the right order of the three lowest states, although the 
magnitude of the splittings is still not correct. The corre-
lation energy for the ground state was found to be 233 mHo 
Another possible cause of disagreement with experi-
ment is the neglect of relativistic corrections to the Cou-
lomb electron--electron interaction. We have estimated the 
Gaunt and Breit corrections from perturbation theory. The 
results are not strictly commensurate since the first (Gaunt 
only) calculation was done in the finite basis set approach 
and the other (Breit) was done with the numerical 
GRASP code. The corrected DHF energies in Table I in-
dicate, however, that the Gaunt correction forms the major 
contribution to the Breit correction. As seen from Table 
IV, at the COSCI level the trends in the Breit corrected 
splitting are very well represented with the Gaunt only 
calculation and we therefore conclude that the Gaunt only 
approach is accurate enough for our purposes. The effect of 
the Gaunt interaction on the atomic spectrum of platinum 
is of the same order as the CI corrections and the influence 
of both on molecular properties should therefore be con-
sidered. 
From our atomic calculations we draw the conclusion 
that it is difficult to obtain a quantitatively correct descrip-
tion of the platinum atomic spectrum. The Breit (or 
Gaunt) interaction as well as correlation effects should be 
accounted for. In our atomic calculations basis set deficien-
cies appear to be small compared to the other sources of 
errors-. 
IV. MOLECULAR CALCULATIONS 
In a simple approach to PtH within a nonrelativistic 
framework (Hunds case a) the Pt-H bond may be re-
garded as a cr(s-s) bond arising from the platinum cPs! 
configuration. According to Mulliken39 the electronic 
structure of most diatomic hydrides may be accounted for 
by assuming that the electrons of the heavier atom retain 
their n,l, quantum numbers in the molecule and further-
more have a definite A= I mil value imposed by the strong 
axial electric field of the hydrogen nucleus. The electronic 
configuration of PtH may then be given as 5cP if and will 
give rise to three states, characterized by A = 1M L I and 
l:= IMsl, in the order 2a < 2IT < 2l: with 2a as the' 
ground state, provided that the bonding orbital has the 
same character in all three states. The splitting between the 
three states will depend chiefly on the splitting of the non-
bonding d orbitals in the axial field of the hydrogen atom. 
The analogous approach within the fully relativistic 
framework (Hunds case c) first considers the spin-orbit 
spiitting on the platinum atom, that splits the 5d shell into 
a 5d3/ 2 and a 5ds/2 shell. The configurations 5dj/25t?s/2crI/2 
and 5d~/254/2crI/2 give two groups of states that can be 
characterized by their 0= IMJI value. The lower group 
( 1) of three states arises from the 5dj/25t?s/2crI/2 configu-
ration and will be in the orded(1) <~(l) <!(l) with O=~ 
as the ground state. The upper group (2) has the two states 
arising from the 5d~/254/2crI/2 configuration in the order 
~(2) <!(2). With the platinum 5d orbitals so close in en-
ergy to the hydrogen s orbital this simple bonding picture 
may be perturbed by d participation in the bond, a feature 
that will mainly change the relative position of O=! states 
in the spectrum. 
The two bonding schemes and their predicted spectra 
(sketched in Fig. 1) are connected by the spin-orbit inter-
action which splits the three A~ states into 2~1!2' 2II1!2' 
2II3/2' 2a3/2' and 2aS/2 states. The strong spin-orbit cou-
TABLE IV. Spectrum of the platinum atom. Figures in electronvolts, relative to the J = 3 ground state. 
J Num. Basis set Num. Basis set Basis set 
Parity Experiment (Ref. 9) DHF DHF DHF+B DHF+G CI 
3+ 2Ds/2®2S 0.000' 0.000 0:000 0.000 0:000 0.000 
2 2+ ' 2Ds/2®2S 0.096 0.159 0.163 0.145 0.146 0.145 
3 4+ 3F4 0.102 0.Q95 0.116 0.039 0.045 0.262 
4 0+ ISO 0.761 2.173 2.186 2.151 2.160 1.822 
5 2+ 3P2 0.814 0.846 0.856 0.803 0.805 0.926 
6 3+ 3F3 1.254 1.280 1.302 1.190 1.f95 1.378 
7 1+ 2D3/2®2S 1.256 1.146 1.146 1.[09 1.107 1.206 
8 2+ 2D3/2®2S 1.673 1.868 1.874 1.814 1.812 
9 2+ 3F2 1.922 2.i70 2.192 2.082 2.087 
10 0+ 3.037 3.039 3.034 3.037 
11 1+ 3PI 2.302 2.786 2.808 2.697 2.702 2.691 
12 4+ IG4 2.724 3.110 3.132 3.022 3.027 3.180 
13 2+ ID2 3.303 3.649 3.668 3.542 3.545 3.562 
14 0+ .. c6.813 6.832 6:716 6.719 
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FIG. 1. Spectrum of PtH based on a s-s platinum-hydrogen bond arising 
from the Pt (iPsI) configuration. The figures in brackets are the excitation 
enerfes T. obtained from the relativistic CI. Note the reordering of ~(1) 
and ;:(1) states. . 
pling observed in platinum gives reason to expect consid-
erable mixing between 2~1/2 and 2II1/2' as- well as between 
2II3/2 and 2a3/ 2 , thus making a A ~ assignment to the 
resUlting states meaningless. We will therefore in general 
label the spinors with ill = I m j I and the many-electron 
states with n. (Hunds case c) and discuss bonding in PtH 
in terms of the latter bonding scheme. 
A. Computational details 
The molecular calculations were performed using C4v 
double-group symmetry as our program package cannot 
exploit the full Coov double-group symmetry. In this sym-
metry ill =~, ~ spinors transform as the E2 representation, 
while the ill=~, f spinors transform as the EI representa-
tion. At the DHF level the lowest three states H(l), ~(l) 
and ~(l)] are described by one-determinantal wave func-
tions with a hole in the highest EI spinors, a hole in the 
second highest E2 spinors, or a hole in the highest E2 
spinors, respectively. We have calculated the energies of 
the molecule at six distances from 1.5 to 1.6 A. The energy 
of the separated atoms was calculated by taking the sum of 
the DHF platinum J=3 COSCI energy and the hydrogen 
energy calculated with our hydrogen basis. At three points 
the Gaunt interaction was calculated for the n.=~ and ~ 
states as a perturbation after the SCF process. 
Using the spinor set generated by the DHF calcula-
tions three separate CI calculations were performed at each 
Pt-H distance. One CI calculation was performed for EI 
states using the n.=~ DHF wave function as reference, 
while the n.=~ and ~ DHF wave functions were separate 
references in two CI calculations for E2 states. We put the 
ten occupied valence spinors into the RAS I space, the two 
open valence spinors in RAS2 and 70 virtual spinors in 
RAS3. Virtual spinors with energies above 3.4 a.u. are de-
leted. All excitations from RASI t9 RASZ are allowed, and 
single and double excitations from these spaces to RAS3 
are allowed. This procedure is roughly equivalent to a mul-
tiri[erence singlesOand doubles C1 in which the reference 
consists of the_ $ix. lowest twofold degenerate states. The 
resulting CI space consists of 535 932 determinants which 
is reduced by symmetry to 133983 determinants for each 
component of the EI and E2 representations. Only the 
Coulomb interaction was included in the two-electron in-
tegrals. Spectroscopic constants for PtH at the CI as well 
as the DHF level were obtained by fitting the potential 
curve to a Morse function. In accordance with the bonding 
scheme outlined above we used the platinum J = 3 
(5eteDs/2)6s1) atomic asymptote for the lower three 
states and correspondingly the J = I (5et e D3/ 2 ) 6s1) as-
ymptote for the upper two states. 
B. DHF results 
The results from our DHF calculations are presented 
in Table V. The De values will be somewhat high since the 
atomic energies were based on an average spinor set while 
the molecular results were obtained by optimization of the 
separate states. The splitting between the lowest states is 
hardly affected by the Gaunt interaction. Hence, differen-
tial effects which are of importance for the atomic spec-
trum are of little significance for the molecular spectro-
scopic constants calculated. In our atomic calculations we 
found that the size of the Bre~t and Gaunt corrections is 
strongly dependent on the electronic configuration. As sev-
eral configurations contribute to the lower states of the 
platinum atom one may expect differential effects of the 
Breit and Gaunt corrections on the atomic spectrum. The 
lack of corresponding differential effects on the three lower 
states of the PtH spectrum is then consistent with our 
assumption that all these states have a 5t4/25cfs/2a1/2 con-
figuration. Our molecular calculations further show insig-
nificant differential effects of the Gaunt interaction on 
bond lengths and vibrational constants. This is consistent 
with previous calculations on hydride molecules40 which 
showed that the differential effect of the Gaunt term is 
quite small and may be neglected for most molecular prop-
erties. 
The spinors obtained from the DHF calculation can be 
analyzed by Mulliken population analysis41 in much the 
TABLE V. Molecular properties of PtH calculated by the DHF method. DHF + G refers to results obtained 
by the DHF method with the Gaunt correction added as a perturbation. 
Method State r. (A) D. (eV) w. (em-I) w.x. (em-I) T. (eV) 
DHF ~(1) 1.548 
-
2.28 2251 69 0.00 
1(1) 1.568 -~ ~--r.90~ 1095 -10 0.32 b) 1.581 1.86 2044 69 0.41 
DHF+G ~(1) 1.549 2.32 2246 68 0.00 
1(1) 1.568 2.00 - 2095 68 
-
0.31 
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TABLE VI. Valence density Mulliken population analysis of the DHF wave functions for the three lower states ofPtH. Net charges are derived from 
total density. 
III Occ. Pt(s) Pt(p) Pt(d) H(s) H(p) a 'IT (j 
1 
n=~; Pt net charge, 0.124 
~ 6.0 1.161 0.068 3.655 1.097 0.013 4.005 1.994 0.000 
~ 4.0 0.000 0.000 3.994 0.000 0.000 0.000 2.000 2.000 
2: hole 0.000 0.000 1,000 0.000 0.000 0.000 0.000 0.999 
Sum 11.0 1.161 0.068 8.648 1.097 0.Q18 4.005 3.994 2.999 
1 
n=t Pt net charge, 0.143 
2: 4.0 0.412 0.071 2.421 1.080 0.012 2.301 1.698 0.000 
+ hole 0.348 0.000 0.614 0.037 0.001 0.855 0.145 0.000 
3 4.0 0.000 0.000 3.993 0.000 0.000 0.000 2.000 2.000 ~ 
2: 2.0 0.000 0.000· 1.999 0.000 0.000 0.000 0.000 2.000 
Sum 11.0 0.759 0.072 9.027 1.117 0.Q18 3.156 3.844 3.999 
1 
n=~; Pt net charge, 0.148 
~ 6.0 __ 1.102 0.071 1.842 
2: 2.0 0.000 0.000 1.997 
+ hole 0.000 0.000 0.998 
5 2.0 0.000 0.000 1.999 2: 
Sum 11.0 1.102 0.716 8.679 
same way as nonrelativistic orbitals. Table VI shows the 
valence populations of the DHF wave functions in terms of 
the atomic basis functions. Conclusions based on a Mul-
liken population analysis should be viewed with caution as 
the analysis is basis dependent and the total energy is in-
variant to rotations among occupied spinors. An exception 
to this is the open-shell spinor that cannot be rotated into 
other spinors. Due to this property, the significant plati-
num s contribution (0.348) to the open-shell spinor for the 
!( 1) state is a clear indication of considerable d participa-
tion in the Pt-H bond. The total valence populations con-
firm that the dominant configuration of the platinum atom 
contributing to the molecule is cPs!. The d valence popu-
lation is 9.0 for the !( 1) state, but somewhat smaller-
4.0 
2.4 
0.8 
-0.8 
-2.4 
-0.9 0.7 2.3 3.9 5.5 
FIG. 2. Electron density plot of the Ill=i open-shell spinor. Coordinates 
of the Pt atom are (0,0), coordinates of the H atom are (0,2.93). Figures 
in atomic units. 
1.123 0.Q15 4.008 1.991 0.000 
0.000 0.001 0.000 0.856 1.144 
0.000 ·0.001 0.000 0.572 0.428 
0.000 0.000 0.000 0.000 2.000 
1.123 0.Q18 4.008 3.419 3.571 
about 8.7-for the ~(1) and ~( 1) states. This may be taken 
as an indication of some contribution from the platinum 
d8; atomic configuration to the bonding in the latter two 
states. The platinum atom is found to have a small positive 
charge of about 0.13, which is in agreement with the other 
ab initio calculations. The density contribution of the small 
component basis functions (0.002 electron) is hardly no-
ticeable at this scale. 
The population analysis may also be set up in terms of 
the single group functions a, rr, and S. These figures are 
also shown in Table VI and clearly illustrate the failure of 
the A~ coupling scheme. The n =~ ground state may be 
described by the single la22a21rr41S3 configuration, but the 
n=! state is clearly not a pure la22a!lrr41S4 configura-
2.4 
0.8 
-0.8 
-2.4 
-4.0 ~--'-'~~"""""''''''''''''~'''''''''''~----''<-~............J 
'-2.5 -0.9 0.7 2.3 3.9 5.5 
FIG. 3. Electron density plot of the Ill=! open-shell spinor. Coordinates 
of the Pt atom are (0,0), coordinates of the H atom are (0,2.93). Figures 
in atomic units. 
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-4.0 '-':-'"...........,,~~-'--'-~--.L....o.~"""'""""'-~.......J 
-2.5 -0.9 0.7 2.3 - 3.9 5.5 
FIG. 4. Electron density plot of the (i)=~ open-shell spinor. Coordinates 
of the Pt atom are (0,0), coordinates ofthe H atom are (0,2.93). Figures 
in atomic units. 
tion. In the n=~ states the mixture of the lif2ifl1T31S4 
and lif2ifl1T41S3 configurations is so strong (58% vs 
42%) that the assignment to one of them is difficult. This 
strong mixing was also observed by Balasubramanian and 
Feng6 and by Dyall.8 
Another way of looking at the PtH electron distribu-
tion is by plotting the electron density. A plot of the total 
density will be dominated by the contribution of the plat-
inum core electrons, and we have therefore plotted the 
density of open-shell spinors only for the three lower states 
(Figs. 2-4). The plots clearly show that the hole is located 
in a platinum d spinor. 
C. C( results 
The CI results are presented in Table VII. In the lower 
three states the weights of the DHF references are approx-
imately 90% while other configurations contribute at most 
0.4%. Static correlation is therefore not very important in 
the PtH molecule, as opposed to the platinum atom. The 
correlation energy is 258 mH for the ~(1) and ~(1) states 
and 261 mH for the !( 1). The somewhat larger correlation 
energy for the !( 1) state may be attributed to the larger 
valence d population of the corresponding reference. The 
effect on the electronic excitation spectrum is a small but 
significant reduction of the splitting between the ~(1) and 
!( 1) state. Correlation further shortens the bond lengths by 
TABLE VII. Molecular properties of PtH calculated by the relativistic 
CI method. 
State r. (A) D. (eV) (i). (cm- I ) (i)e"X. (cm- I ) T. (eV) 
i(l) 1.518 2.98 2458 63 0.00 
1(1) 1.526 2.74 2419 66 _ 0.24 ~(1) 1.542 2.54 2313 65 0.44 ~(2) 1.540 2.73 2365 62 1.46 ~(2) 1.562 2.58 2277 64 1.61 
TABLE VIII. Excitation energies Te (eV) for Al: states calculated by 
different methods. 
RECP All electron 
State MP4' MRSDCIb MRSDCIc CASSCP MRSDCIe 
2l: 0.00 0.00 0.00 0.00 0.00 
2A 
-0.16 -0.05 0.34 -0.09 0.09 
211 0.52 0.69 0.69 0.50 0.73 
'Rohlfing et al. (Ref. 4): RECP-UHF-MP4. 
bBalasubramanian and Feng (Ref. 6): RECP-CASSCF-MRSDCI. 
cGropen et al. (Ref. 7): RECP-CASSCF-MRSDCI. 
dGropen (Ref. 43): All-electron CASSCF using the second-order 
Douglas-Kroll approximation. 
eGropen (Ref. 43): All-electron CASSCF-MRSDCI using the second-
order Douglas-Kroll approximation. 
3-4 pm. Correlation/functions in the basis appear to be of 
importance, as was demonstrated by performing a small CI 
calculation on the ~(1) state in which 32 more virtual 
spinors, including the 14 nonbonding 5/ spinors, were de-
leted from the active- space. A three-point fit then gave a 
bond length of 1.544 A as compared with 1.518 A obtained 
with the larger CI. From the bond shortening and the 
enlargement of De and (c)e one can conclude that the bond 
is stronger than would be expected on basis of the DHF 
results. The gap between the lower three and the upper two 
states is about the same magnitude as the spin-orbit split-
ting in the platinum d shell (Table IV). 
v. DISCUSSION 
Our CI as well as DHF results fit within the relativistic 
bonding scheme outlined above in which the electronic 
configuration of the three lower and two upper states of 
PtH may be written as 5c4/25~/2aT/2 and 5d~/254/2aT/2' 
respectively. The assigned configurations are only approx-
imate and are perturbed by 5d participation in bonding 
that changes the order of the three lower states from the 
expected ~(1) <~(l) <!(1) sequence to ~(1) <!(1) <~(1). 
Further confirmation of the bonding scheme stems from 
the DHF results of Dyall.8 Dyall performed DHF calcu-
lations on the five lower states of PtH using a 9s8p7d3/ 
contracted Gaussian large component basis for _ platinum 
derived from the same primitive Gaussian basis (basis I) as 
our contracted Pt basis (basis II). The lowest three PtH 
states were analyzed by Dyall to be mainly d5/ 2 hole states 
while the upper two are essentially d3/ 2 hole states. 
Most ab initio calculations on PtH, however, employ 
spin-free RECP's and optimize the A~-states e a, 2n, and 
2~) as a first stage. In Table VIII we list some results 
obtained for the A~ states. Rohlfing et al. 4 used a RECP 
obtained from the Cowan-Griffin method 12 and a 
5s5p3dl/ uncontracted Gaussian valence basis. They did 
unrestricted- Hartree-Fock (UHF) calculations and then 
introduced electron correlation through fourth order 
M0ller-Plesset perturbation theory [MP4(SDTQ)]. Bala-
subramanian and Feng,6 using aj averaged RECP fitted to 
numerical atomic DHF calculations and a 3s2p3d con-
tracted Gaussian valence basis, performed a small com-
plete active space SCF (CASSCF) calculation with 11 
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TABLE IX. Comparison of excitation energies Te (in e V) for states of PtH obtained by different methods. 
RECP All-electron 
State MP4" SDClb SDClc SDCld DHF' DHF Rei. Clf Expt.g 
~(1) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1(1) 0.31 0.19 0.19 0.11 0.34 0.32 0.24 ~(1) 0.45 0.52 0.45 0.44 0.42 0.41 0.44 0.41 ~(2) 1.28 1.35 1.29 1.37 1.43 1.46 1.45 
1(2) 1.57 1.35 1.55 1.61 1.55 1.61 
"Rohlfing et aL (Ref. 4): RECP-UHF-MP4+spin--orbit (semiempirically) (A=0.418 eV). 
bBaIasubramanian and Feng (Ref. 6): RECP-CASSCF-MRSDCI+spin--orbit (RECP). 
cGropen (Ref. 7): RECP-CASSCF-MRSDCI+spin--orbit (semiempirically) (A=0.418 eV). 
dGropen (Ref. 43): All-electron CASSCF-MRSDCI using the second-order Douglas-Kroll approximation 
+spin-orbit (A=0.467 eV). 
"Dyall (Ref. 8): DHF. 
fpresent work. 
SMcCarthy et al. (Ref. 47). 
electrons in an active space of 14 spin orbitals. They then 
did multireference singles CI (MRSCI) to determine po-
tential surfaces and multireference singles plus doubles CI 
(MRSDCI) to determine dissociation and excitation ener-
gies at the optimized geometries. At the singles level the 
2a state is 0.12 eV above the 2~ state, while the order is 
reversed at the MRSDCI level with 2 a as the ground state. 
Gropen et al. 7 obtained their RECP from an atomic calcu-
lation using the second order Douglas-Kroll approxima-
tion 13 and employed a 3s3p4d2J contracted Gaussian va-
lence basis. They did a CASSCF calculation with 11 
electrons in an active space of 14 spin orbitals followed by 
MRSDCI. Their article contains an error as the 2~ state at 
the CASSCF level is 0.04 eV above and not 0.34 eV below 
the 2a state, the latter being the MRSDCI result. 
The results obtained for the A~ states and listed in 
Table VIII vary considerably and it is difficult to assess to 
what extent this spread may be related to the correlation 
treatment or to the quality of basis sets or the RECP's. The 
RECP used by Wang and Pitzer3 was fitted to aj-averaged 
atomic DHF calculation and appears to be too repulsive as 
the resulting bond lengths and spectrum deviate markedly 
from all other results. Clearly, there is a need for an all-
electron molecular calibration calculation at this level of 
approximation. Gropen42 has recently performed an all-
electron CASSCF-MRSDCI using the second-order 
Douglas-Kroll approximation13 and a 8s7p5d3J con-
tracted Gaussian basis. Preliminary results from CASSCF 
as well as MRSDCI calculations at 1.55 A are included in 
Table VIII. The results indicate that the 2a and 2~ states 
are near degenerate, but that correlation tends to favor 
2~ as ground state. 
Spin-orbit interaction is introduced in the RECP cal-
culations through various perturbational schemes. Balasu-
bramanian and Feng6 add spin-orbit matrix elements to 
their CI matrix. The spin-orbit matrix elements were de-
rived from the RECP (Ref. 43) and thus depend on the 
quality of the potential. Rohlfing et al. 4 introduce spin-
orbit splitting semiempirically. To the diagonall!latrix of 
electronic energies of the A~ states they add a spin-orbit 
matrix for the separated atoms using an atomic spin-orbit 
parameter derived from experiment. They do not state ex-
actly what parameter value they used, but it appears to be 
the parameter A=0.418 eV derived from the splitting of 
the platinum positive ion tP state.44 The approach of Gro-
pen et al. 7 is quite similar, but neglects off-diagonal matrix 
elements. 
Experimental data on the PtR molecule are scarce and 
restricted to the ~ and ~ states. Most experimental work has 
been done by the group of Scullman,45 but one may also 
mention the early study by Loginov.46 Recently McCarthy 
et al. 47 reported laser excitation and Fourier transform 
spectroscopic results which give more precise estimates of 
~(1)->~(1) and ~(1H(1)->~(2) excitation energies. They 
also note a reversal of parity in the n doubling for vibronic 
states at the ~(2) level and attribute this to the H2) state 
being above and pushing down on h2) vibronic states. 
This is the only experimental indication so far of the posi-
tion of n =! states in the PtR spectrum. The possible H 
transition reported by Scullman was later shown to be 
caused by a gold impurity.48 The experimental studies in-
dicate an unusual stability of the Pt-H bond. The experi-
mental value of 3.6±0.4 eV obtained by Birge-Sponer ex-
trapolation is the largest measured bond energy of any 
transition metal hydride.49 
Table IX lists excitation energies Te and Table X 
bondlengths re and harmonic frequencies (i)e obtained from 
a number of studies of PtH. Experimental excitation ener-
gies T e were deduced from the corresponding To values 
using the formula Te= T8+! a(i)e-i a(i)t?'e' The relativis-
tic CI gives the best overall agreement with experiment for 
these properties. Since our relativistic CI results should be 
better than our DHF results, agreement on the DHF level 
with the ~(1 H( 1) splitting is probably somewhat coinci-
dental. The good agreement between our DHF results and 
those of Dya1l8 should also be noted. The differences in re 
are smaller than 0.005 A while the excitation energies dif-
fers by at most 0.02 eV. This indicates that basis set errors 
in the two calculations are of equal size. 
The excitation energies calculated by Balasubramanian 
ancfFeng6 agree rather well with our CI results, although 
their two upper states appear rather low indicating that 
J. Chern. Phys., Vol. 99, No.9, 1 November 1993 
Visscher et al.: Electronic structure of PtH 6713 
TABLE X. Bondlengths r. (in A) of PtH calculated by different methods. Corresponding harmonic 
frequencies We (in cm- I ) are given in parentheses. 
State MRSCIa DHFb DHF' ReI. CIc Experimentd 
~ (1) 
! (1) 1.55 (2177) 1.551 (2234) 1.548 (2251) 1.518 (2458) 1.528 (2378) 
1 (1) 
1.54 (2188) 1.573 (2094) 1.568 (2095) 1.526 (2419) 
1 (2) 
1.58 (2155) 1.584 (2080) 1.581 (2044) 1.542 (2313) 1.520 (2265)-
i (2) 1.59 (2179) 1.577 (2162) 1.540 (2359) (2349)" 1.58 (2021) 1.590 (2097) 1.562 (2225) 
&Balasubramanian and Feng (Ref. 6): RECP-CASSCF-MRSCFi-spin--<>rbit (RECP). 
bDyall (Ref. 8): DHF. 
"Present work. 
dScuIlman et al. (Ref. 45). 
'Calculated using the formula we=IiGI/2-2w.x .. in which the IiGl/2 value obtained by McCarthy et al. 
(Ref. 47) and our calculated value for w"x. were used. 
spin-orbit splitting is somewhat underestimated. Their cal-
culated bond lengths are appreciable longer and harmonic 
frequencies smaller than ours, a feature that is probably 
explained by insufficient correlation particularly due to 
their lack of correlating f functions. The neglect of off-
diagonal spin-orbit matrix elements by Gropen et al. 7 is 
hardly justifiable on the basis of the strong mixing of Al: 
states through the spin-orbit interaction. We have there-
fore recalculated the spin-orbit splitting from their results 
using the semiempirical method of Rohlfing et al. 4 The 
results obtained using this semiempirical method agree 
rather well with our CI results and indicate that platinum 
retains much of its atomic character in PtH. This is in 
accordance with our bonding model and justifies the as-
signment of the Sdj!2Stfs/2aI!2 and Sd~/2S4/2aI/2 elec-
tronic configuration for the three lower and two upper 
states of PtH respectively. The electronic configurations 
invites a comparison with the cf? negative platinUltl ion 
and indicates an analogy between the binding of an elec-
tron and of a hydrogen atom to platinum. Squires49 has 
investigated the possible correlation of transition-metal 
electron affinity EA(M) and the dissociation energy 
D[M-H] of the corresponding transition metal hydride. 
The study was motivated by the near constant gas-phase 
acidity observed for these hydrides. Squires obtains an em-
pirical formula linking the two above quantities 
(D[M-.H]=EA(M)+1.19 eV). The electron affinity of 
platinum is 2.13 eV which is almost twice the correspond-
ing value for nickel (1.16 eV).soThe much larger value for 
platinum can be understood in terms of relativistic stabili-
zation of the 6s orbital. 10 The unusual stability of the Pt-H 
bond may then be explained in an analogous fashion. 
The analogy between the PtH molecule and the Pt 
negative ion further suggests that the spin-orbit parameter 
of the semiempirical method used by Rohlfing et al. 4 
should be derived from the fine structure splitting of the 
negative rather than the positive platinum ion. Both the 
negative ion and the PtH molecule can be well represented 
with a single configurational (cf? or cfif-) wave function. 
In the positive ion the contribution of the d8s configuration 
is non-negligble and decreases the spin-orbit coupling. The 
use of a spin-orbit parameter that was derived from the 
Pt+ experimental splitting will thus underestimate the 
splitting in the molecule. A better choice is to obtain the 
spin-orbit parameter either from an experiment or calcu-
lation on the negative ion or from a calculation on Pt+ that 
includes only the ~ configuration. Unfortunately, the 
2 DS/2-2 D3/2 splitting of the ~; negative platinum ion has 
not been experimentally determined. The recommended 
values 1 10 000 (± 1(00) cm- 1 obtained by isoelectronic 
extrapolation gives a: spin-orbit parameter A=O.SO eV 
from the Lande interval rule. Numerical calculations on 
the~, ~s, and~; configurations ofPt+, Pt, and PC give 
values for A of 0.49, O.SO, and 0.47 eV, respectively. We 
have used the latter value to obtain spin-orbit splitted ex-
citations energies from the preliminary all-electron 
CASSCF-MRSDCI results of Gropen.42 The results are 
listed in Table IX and agree well with our CI results. 
VI. CONCLUSIONS 
The electronic structure and bonding of the five lower 
states of the PtH molecule have been investigated using 
fully relativistic CI based on DHF references. Spectro-
scopic properties have been obtained by fitting of a 
Morse potential tending asymptotically to the Pt[J 
=3(S~e DS!2)6s1)]+H(6s1) and Pt[J= (S~e D3/2)6s1)] 
+ H ( 6s1) energies for the three lower and two upper states 
respectively. At the DHF level the effect of relativistic cor-
rections (Gaunt interaction) to the Coulomb electroh-
electron interaction has been evaluated and found to be 
hardly significant for the properties mentioned above. At 
the CI level the wave functions are found to have only one 
dominant configuration. This indicates a lack of static cor-
relation and is quite contrary to the results obtained for the 
platinum atom. Dynamic correlation in the d shell is im-
portant for the spectroscopic properties of PtH and the 
inclusion of correlating f functions in the basis appears to 
give considerable improvement of the results. 
Our CI, as well as DHF results, indicate that bonding 
is essentially the same in all five states of PtH. The results 
are in accordance with a bonding scheme in which the 
electronic configuration of the three lower and two upper 
states of PtH are assigned the electronic configurations 
5dj/25d~/2aI/2 and 5d~!25df!2aI/2' respectively. The ground 
state of the PtH molecule is found to be an .o.=~ state 
strongly bound with a De value of 2.98 eV and a 
bondlength of 1.52 A. The assigned electronic configura-
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TABLE XI. The hydrogen basis set. 
s 
p 
s 
Exponents 
79.990 16053 
11.964 35285 
2.72256964 
0.772 82765 
0.25176829 
0.08842324 
0.80000000 
Contraction coefficients 
Large components 
0.00209389 
0.01607826 
0007868258 
0.26323087 
0.49709674 
0.286271 56 
1.00000000 
Small components 
-0:009 769 42 
-0.07501606 
-0.367 107 84 
-1.22815136 
2.45234858 
-1.335651 87 
-0.002 895 11 
-0.022230 54 
-0.10879011 
-0.36395498 
-0.835 626 69 
1.43031543 
p 
0.80000000 
79.990 160 53 
11.964352 85 
2.72256964 
0.772 827 65 
0.25176829 
0.08842324 
0.80000000 
_LOOO 000 00 
0.03242534 
0.09632089 
0.22487392 
0.400 833 34 
0.43204906 
0.14745373 
-0.0573 3506 0.00695649 
0.02069124 
0.04832367 
0:086149 12 
-0.17025340 
-0.39743861 
-0.70839556 
1.26704031 
-0.2605 8929 
-1.13946020 
. 1.482 128 54 
d - 1.000 000 00 
tions suggest an analogy between the PtH molecule and the 
platinum cPSl negative ion. The stability of the Pt-H bond 
may then be explained by the relativistic stabilization of 
the platinum 6s orbital. The strong atomic character of 
platinum in the molecule may explain the success of more 
approximative approaches to the spin-orbit splitted states 
of PtH. On the basis of the analogy with the negative Pt ion 
we recommend the use of a spin-orbit parameter that is 
derived from the spin-orbit splitting of the negative Pt ion 
in the semiempirical approach used by Rohlfing et al. 4 The 
results show good agreement with experimental data and 
illustrate the value of four-component relativistic CI cal-
culations to provide accurate benchmark results for sys-
tems in which both relativistic and correlation effects are 
important. 
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APPENDIX A: HYDROGEN BASIS 
The hydrogen basis used in the calculations was de-
rived from a 6s1p primitive basis and contracted to 3s1p. 
The basis is given in Table XI. 
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